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Medlen et al. • Radiology resources for women's health in Latin America and the Caribbean suicide, obesity, breast cancer, and alcohol use (7) . Some health challenges and diseases affect both women and men. However, women experience pregnancy and childbirth, which can carry health risks and require access to care tailored specifically to their needs. Moreover, women face greater difficulties in obtaining health care and protecting their health, due to gender inequalities in education, income, employment, and many other areas (8) .
Radiology plays a crucial role in primary care, as it is used for screening, diagnosis, management, and treatment of many diseases. Nevertheless, radiology must be used correctly to reach its full potential in medicine and public health. With timely and accurate diagnosis, radiology can reduce mortality and morbidity, thus improving the health of the population and reducing health care costs (9) . Many Latin American and Caribbean countries face a number of challenges, including a lack of quality assurance programs and standardization, a shortage of qualified human resources, and a lack of functioning and updated equipment, all of which has led to suboptimal radiology services.
This article will focus on the use of mammography, ultrasound, and computed tomography in the screening, diagnosis, and management of three health issues faced by women: breast cancer, cervical cancer, and postpartum hemorrhage. The piece also discusses the use of available imaging modalities with additional health issues that affect women: injuries and violence, tuberculosis, and cardiovascular diseases. Throughout the article, there is an emphasis on the need for a robust quality assurance program in radiology. The content for the piece was obtained through an extensive literature review by the authors, who are experienced in their respective fields.
QUALITY ASSURANCE
Around the world, many people lack access to radiology services. And, even when those services are available, both the quality and safety of the procedures can be questionable (10) . Access to equipment is a real challenge in many countries of Latin America and the Caribbean (LAC). There is a vast disparity between low-income countries and high-income nations in their access to nuclear medicine (NM), magnetic resonance imaging (MRI), single-photon emission computed tomography-computed tomography (SPECT-CT), positron emission tomography-computed tomography (PET-CT), and positron emission tomography-magnetic resonance imaging (PET-MRI). Some 10% of countries have at least one PET scanner, 33% have at least one linear accelerator, and 54% have at least one MRI unit (11) . In some countries, nearly 80% of health care equipment is donated or funded by international contributors or foreign governments, but only 10% to 30% of donated equipment becomes operational (11) .
Due to the limited access to certain technologies, the use of conventional X ray, ultrasound, mammography, and computed tomography (CT) is crucial, but they must be used properly to produce expected outcome. Toward that end, quality assurance (QA) programs can play a significant role in radiology by consistently enhancing the quality of the images, with minimum exposure to patients and workers, as well as improving the services as a whole (12) .
In a robust, effective radiology QA program, both the approach to testing of radiology equipment (quality control technique) and the implementation of guidelines (quality administration procedure) must be completed correctly. The World Health Organization (WHO) defines an adverse medical event as an incident resulting in harm to patients (13) . In radiology, an adverse event can take many forms. Among these are: 1) a threat to patient safety brought about by inaccurate and untimely diagnosis; 2) unjustified and repeated radiation exposure; 3) incorrect labeling of radiographic images; 4) poor technique in the execution of the exam; 5) lack of knowledge; 6) error in the interpretation of a radiograph (including misdiagnosis or failure to diagnose, failure to suggest an appropriate procedure, and failure to communicate in a timely and clinically appropriate manner); and 7) exposure to health care-associated infections (14) . Without a QA program, the many crucial aspects of image process will be compromised. This can make the services suboptimal, with such problems as lack of quality control testing; poorly trained human resources; a complete lack of supervision or accountability; a lack of design of imaging protocols; an absence of policies and procedures for patient management; and a lack of safety and reporting standardization.
Quality assurance in medical imaging began in the early 1900s with processor monitoring procedures, and it continues today with practices in image quality evaluation and dose monitoring. In 2011, eight intergovernmental organizations agreed by consensus on the Radiation Protection and Safety of Radiation Sources: International Basic Safety Standards (BSS) (15). Among the technical requirements of the BSS is the need to implement a comprehensive program of quality assurance for medical exposures. This program should be implemented with the active participation of medical physicists, radiological medical practitioners, medical radiation technologists, radiopharmacists and radiochemists (for complex nuclear medicine facilities), and, as appropriate, also in conjunction with other health professionals. The program should also take into account the principles established by WHO, the Pan American Health Organization (PAHO), and relevant professional bodies.
For many in the medical imaging environment, governmental regulations dictate QA processes to ensure patient safety and a minimum image quality standard, as well as training and education requirements for radiologists, physicists, and technologists/radiographers. In addition to or in place of governmental regulations, many professional groups provide guidelines or accreditation programs to aid in the process and to document achievement of quality imaging services. The American College of Radiology and the Intersocietal Accreditation Commission offer accreditation programs for multiple imaging modalities. In addition, the American Association of Physicists in Medicine and the Radiological Society of North America provide ample resource to support a QA program (Table 1) .
Establishing appropriate QA practices ensures proper equipment operation for radiation safety, image quality for viewing, and, ultimately, accurate interpretation and diagnosis. All modalities, including radiography, CT, MR, nuclear medicine, and ultrasound, have QA programs. It is essential to have a cultural shift in which all radiology workers and health authorities assume responsibility for the quality, efficiency, and safety improvements in order to minimize or eliminate adverse events.
THE ROLE OF IMAGING MODALITIES IN WOMEN'S HEALTH

Breast cancer and mammography
In the Americas in 2012, more than 408 200 women were diagnosed with breast cancer, and 92 000 women died from this disease, with around 46% of these deaths occurring in LAC countries (16) . Breast cancer mortality in high-income countries is often low due to better-quality detection and treatment.
Despite the improvements in breast cancer care made in the past 20 years with early screening diagnosis and treatment, breast cancer mortality is still high in LAC nations (16) . Mammography is the imaging technology of choice since it has led to earlier diagnosis and a 20% reduction in breast cancer mortality (17) . Early detection of breast cancer by using mammography also leads to a greater range of treatment options, including less extensive surgery and the use of chemotherapy with fewer serious side effects, or even, in some cases, the option to forgo chemotherapy (18) .
Approximately 61% of breast cancers diagnosed at a localized stage have a five-year relative survival rate of 99% (18) . This demonstrates the clear correlation between cancer stage at diagnosis and the overall survival rate. In some LAC countries, an estimated 50% of detected breast cancer is in advanced stages (stage III or IV). In comparison, in Sweden, fewer than 10% of breast cancers are detected in advanced stages (19) . Diagnosing cancers at an early stage improves overall patient survival. In Canada, fewer than 10% of patients diagnosed in early stages had a poor outcome, versus 49% for patients diagnosed at stage IV (20) . The economic burden of breast cancer in LAC is difficult to estimate, but costs for treating patients with stage IV breast cancer are likely to be around three to four times higher than those for patients with stage I breast cancer (19) .
Mammography plays a defining role in diagnosing breast cancer, particularly in earlier stages. For this purpose, mammography images must be performed and interpreted with strict adherence to QA programs and quality control (QC) measures in order to ensure the most accurate diagnoses for all patients. A well-organized screening program should include the acquisition of mammography units, but also provide an environment that will permit detection of breast cancer at the earliest, most treatable stage (16) . QA programs can minimize adverse events by limiting the production of images of poor quality and inaccurate diagnoses that can delay the detection of breast cancer at an early, treatable stage. A PAHO manual titled Mammography Services Quality Assurance: Baseline Standards for Latin America and the Caribbean (21) can be used as a guide for such services. A culture of patient safety is crucial, especially regarding the quality of the images produced and radiation exposure. The diagnostic information acquired is proportional to the image quality. Therefore, that quality plays a crucial role in early detection, patient treatment, and increased chances of survival.
Breast ultrasound for the detection of cancer
Although screening mammography has been found to decrease mortality from breast cancer, it is an imperfect tool for women with dense breast tissue, as characterized by breast density Breast Imaging-Reporting and Data Systems (BI-RADS) categories 3 and 4 (22) . Multiple studies have compared breast cancer detection with mammography-only versus mammography supplemented with whole-breast screening ultrasound exams imaging. These studies have found whole-breast ultrasound screening increased detection of small, invasive, node-negative cancers over the use of mammography alone in women with dense breast tissue (22, 23) . Additionally, the American College of Radiology Imaging Network (ACRIN) performed a prospective international multicenter research study in which it compared the findings of mammography and hand-held, high-resolution ultrasound exams, irrespective of breast density, in identifying breast cancers. The study concluded that the total number of cancers identified was comparable: 58 of 111 (52.3%) for ultrasound and 59 of 111 (53.2%) for mammography (24) .
The many benefits of ultrasound, such as its portability, cost, and nonionizing radiation, allow it to be a readily available imaging modality in developing countries. The results of multiple studies support the sensitivity of whole-breast screening ultrasound to identify cancer and show that the technique could be a viable alternative in countries without mammography equipment. However, image acquisition and interpretation requires a significant amount of training and time. QA programs, imaging standards, and training should be considered prior to implementing whole-breast ultrasound screening exams (24) .
Cervical cancer
Cervical cancer is a worldwide public health concern, with the greatest impact occurring in low-and middle-income countries, including LAC ones (25) . A comprehensive analysis on cervical cancer in LAC that was published in 2004 reported that approximately 30 000 women died from cervical cancer and 70 000 new cases were diagnosed each year (25) . By 2025 the number of new cases of cervical cancer is projected to increase 75% in LAC (26) .
The numbers of individuals who succumb to cervical cancer are much higher in low-and middle-income countries due to the lack of widespread screening programs as well as a higher percentage of infections with human papilloma (25, 26) . Many cervical cancers in these nations are diagnosed in the later, more advanced stages when appropriate screening is unavailable. Developed countries have vast screening programs that find cervical cancers at the earliest, most treatable stages, resulting in fewer deaths (25) . The most significant risk factor for cervical cancer is HPV infection, contracted through unsafe sexual practices (26) . Additionally, smoking, HIV infection, and long-term use of oral contraceptives are contributing risk factors for cervical cancer (26) . Without HPV infection, the development of cervical cancer is quite low. Since 2002, an HPV vaccine has been available to prevent HPV infection and therefore cervical cancers. According to Clifford et al. (27) , vaccination against HPV types 16 and 18 could prevent 70% of worldwide invasive cervical cancer. When vaccination is not desired, is contraindicated, or is unavailable, averting transmission by use of education and safe sexual practices is the key to infection prevention.
Computed tomography for cervical cancer detection
When cervical cancer preventative measures have failed, it is imperative to have the highest-quality detection and treatment available. Without screening programs that use Papanicolaou (Pap) smear examination, diagnosis of cervical cancer is performed through clinical examination, biopsy, and histopathology. The International Federation of Gynecology and Obstetrics (FIGO) developed a staging system that incorporates clinical, histological, and radiologic data (not including PET, MRI, or CT imaging) to stage cervical cancer (28) .
Medical imaging modalities are instrumental in the treatment planning process and follow-up of cervical cancer patients. The use of PET, MRI, and CT aid in the assessment of disease spread and the need for surgical intervention. PET imaging is useful in lymph node evaluation, whereas MRI assesses tumor size and parametrical involvement (28) . It is recognized that both PET and MRI are superior imaging modalities in the assessment of cervical cancer. According to the American College of Radiology (ACR) appropriateness criteria, MRI (without and with intravenous (IV) contrast) is the highest-rated imaging exam, PET-CT is second, and IV-enhanced CT is third (28) . However, because MRI and PET are not readily available in most of the LAC region, the use of CT is appropriate (28) . CT is not a valuable tool in the early stages of cervical cancer, but it is helpful in late-stage assessment and in the detection of lymph node involvement. The ACRIN reported a 42% sensitivity for detecting advanced cervical cancer utilizing CT (27) . Identification of lymph node involvement utilizing CT has a sensitivity of 31% and a specificity of 86% (28) . CT also provides information on distant metastases and supplies a road map for interventional procedures (28) . It is important to note that although CT is not the "gold standard" in cervical cancer imaging, when performed at the highest level, CT imaging can aid in the appropriate treatment of the patient.
QA programs can minimize adverse events and provide high-quality CT exams through protocol review, image quality analysis, and monitoring of scanner-generated dose reports. A journal editorial by Wintermark and Lev (29) described the overexposure of more than 200 patients during CT perfusion scans at one facility, resulting in epilation in many of those persons. This occurrence highlights the types of adverse events that can result from imaging programs that are poorly monitored and lack quality assurance oversight. In CT, the optimization of quality and dose can only be achieved through the use of modern CT scanners possessing both the hardware and software necessary to provide low-exposure exams at diagnostic image quality.
Treatment options for cervical cancer include chemoradiotherapy (where available), surgery, or a combination of the two. When diagnosis is performed and treatment given, 80% to 95% of women with early stage disease (stages I and II) and 60% with stage III disease can be cured (30) .
Postpartum hemorrhage
Decreasing maternal mortality rates (MMRs) from preventable causes has been a global priority, beginning with the UN Millennium Development Goals (MDGs) in 2000 and continuing with the Sustainable Development Goals (SDGs), which were established in 2016. Although substantial progress had been made under the MDGs, the MMR is still at an unacceptable level, with approximately 830 women dying each day worldwide from preventable causes related to pregnancy and childbirth (31) . The most common cause of maternal mortality is postpartum hemorrhage (31) .The data collected on the MMR demonstrates that 99% of all preventable maternal deaths occur in low-resource countries, with the highest risk being for adolescent girls under the age of 15 and for females who live in rural and poor communities (32) . The disparity in maternal outcomes is directly related to differences in access to health care, particularly quality obstetric care and services (32, 33) .
Postpartum hemorrhage and ultrasound
Ultrasound is part of routine prenatal care in developed countries. This imaging technique can accurately date a pregnancy; identify fetal abnormalities, malpresentation, multiple gestations, and placenta previa; and allow a physician to manage the pregnancy properly and improve outcomes (33) . Ultrasound is the imaging modality of choice for the postpartum patient who is febrile or experiencing complications such as vaginal discharge, bleeding, and pain (34, 35) . In many developing countries-especially in rural communities-obstetric services, including ultrasound services and trained individuals to perform the exams, are extremely limited or nonexistent, leaving women vulnerable to poor outcomes. QA programs in ultrasound minimize adverse events by ensuring proper functioning of the ultrasound equipment for consistency of ultrasound images and accuracy of measurement devices, reducing the number of nondiagnostic exams.
Hemorrhage is the leading cause (23.1%) of maternal deaths in LAC, with 57% of the deaths in the postpartum period (32) . Postpartum hemorrhage (PPH) is divided into primary PPH (defined as within 24 hours after delivery) and secondary PPH (defined as more than 24 hours after delivery, up through the sixth postpartum week). Postpartum hemorrhage causes can be further delineated into four general classifications: tone, trauma, tissue, and thrombin (36) . Determining the etiology of PPH is essential for determining the appropriate treatment and management and, consequently, for decreasing MMR. Primary PPH due to uterine atony makes up 70% of all PPH cases (36) . Utilization of uterotonic drugs and active management of the third stage of labor are strategies to address primary PPH associated with uterine atony (36) . Sonography of the postpartum uterus can be used to identify other causes of PPH, such as retained products of conception, arteriovenous (AV) malformations, endometritis, abscess, wound cellulitis, and surgical complications (including hematoma, pseudoaneurysms, and uterine scar dehiscence) (35) . Imaging studies are used to identify the source of bleeding and to help determine if surgical intervention is warranted (35) . High-quality images and well-trained staff are imperative to ensuring an accurate diagnosis. The interpretation of sonographic studies of the postpartum uterus can be complicated, as there is significant overlap between pathologic and normal physiologic changes of the uterus. However, utilizing ultrasound to evaluate symptomatic patients can facilitate early intervention and treatment and lead to a decrease in MMRs (31, 37) .
THE USE OF AVAILABLE IMAGING MODALITIES WITH ADDITIONAL DISEASES THAT AFFECT WOMEN
Most LAC countries have limited access to advanced radiology imaging equipment; however, conventional radiology units, CT scanners, and ultrasound equipment are available and, when used appropriately, can facilitate and expedite diagnosis. Further research is needed to determine how these imaging modalities can be utilized effectively in the diagnosis of a wide spectrum of medical concerns.
In addition to the diseases or conditions already mentioned, there are others that affect women for which imaging technologies can be helpful. Table 2 highlights some of the ailments where ultrasound, CT, and radiography can be useful for accurately detecting abnormalities and managing the disease.
DISCUSSION AND CONCLUSIONS
Radiology is used for screening, diagnosis, management, and treatment of many diseases that threaten the health and well-being of a population. To assist LAC countries, an integrated approach must be utilized in public health, with the inclusion of quality radiology services to reduce morbidity and mortality. A good-quality image is critical to achieving an accurate diagnosis in radiology services. Acquisition of equipment alone does not constitute quality radiology services or the production of quality images. QA programs and standardization are essential; without them, the services offered will be suboptimal, leading to poor outcomes.
Also important are the proper interpretation of images and adequate and timely communication between the radiologist and referring physicians and other clinicians. The delivery of preventative radiology services requires: 1) recognizing the value of radiology in both specialized and primary care; 2) teamwork in providing quality, patient-centered radiology services that maximize the impact on population health, as well as for each patient; and 3) leadership that fosters a culture of quality and service for patients, who depend on these services to live healthy, productive lives.
There are no shortcuts to patient safety and quality of care. With inaccurate and late diagnoses, unnecessary radiation exposure, and other adverse events, the patient becomes a victim not only of the disease but also of the services that fail to provide proper health care. Radiology can offer many clinical benefits, but poor services can result in high cost for both the health care system and patients. The 2030 Sustainable Development Goal on Good Health and Well-being aims to reduce or end maternal mortality, noncommunicable diseases (NCDs), road traffic deaths, and TB and other infectious diseases, as well as to provide access to quality essential health care services (39) . The role of radiology in women's health cannot be underestimated or ignored. Available technologies, such as conventional radiography, ultrasound, mammography, and CT, are able to detect and deal with many diseases and CT provides high-quality imaging of musculoskeletal injuries such as fracture/ dislocation. Injury to soft tissue organs, such as liver and kidney, are also assessed with CT. Head trauma, hematomas, contusions, and hemorrhage are effectively diagnosed with CT.
X ray of affected anatomy can be used to assess fractures and/or foreign bodies.
Tuberculosis (TB)
Ultrasound of the chest can detect pleural and pericardial effusion, localize area for drainage, and locate subpleural nodules and lung consolidations (38) .
CT is beneficial in the assessment of patients with lymphadenopathy, pleural effusions, and cavitation.
Chest X ray may be sufficient for diagnosis in the appropriate clinical setting for primary pulmonary tuberculosis.
Cardiovascular diseases (CVDs) Ultrasound evaluation, including Doppler waveforms of the blood vessels, can identify plaque, hemodynamically significant stenosis, and/or occlusion. Ultrasound exam of the heart is used to identify structural and functional abnormalities of the valves, chambers, and muscles.
CT demonstrates calcified vessels in the body as well as heart (calcium scoring). Additionally, imaging of arterial stenosis, dissection, or aneurysm can be accomplished with CT angiography imaging.
Chest X ray will show fluid in or around lungs. Among other chest abnormalities that can be identified on a chest X ray are an enlarged heart, aortic aneurysm, and calcium buildup in the heart or blood vessels.
conditions of public health concern. However, the services must be of quality in order to produce the desired outcomes.
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